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Abstract. —The bertha armyworm, Mamestra configurata Walker (Lepidoptera: Noctuidae), is an

important pest of canola {Brassica iiapms L. and B. rapa L.) and flax {Limini usitatissimum L.) in

western Canada. It is the focus of research to develop a management program integrating micro-

bial and insect parasitoid agents with cultural practices and judicious use of chemical insecticides.

To develop IPM effectively it is essential to understand the impact of parasitism on feeding activity

of the host. Westudied the effect of parasitism by two solitary koinobiont larval endoparasitoids:

Ba7ichus flavescois Cresson (Ichneumonidae) is a native parasitoid of M. configurata; and the Eu-

ropean Microplitis mediator (Haliday) (Braconidae) is a candidate for introduchon to enhance the

biological control effected by B. flavescens. Parasitism by B. flavescens resulted in significantly de-

creased food consumption and lower biomass production but did not reduce the time that the

pest would occur in the crop. Host larvae parasitized by M. mediator showed a much greater

reduction in food consumed, weight gained, trass produced and the host's feeding time compared

to nonparasitized larvae or those parasitized by B. flavescens. Management strategies should con-

sider options that would minimize impact on parasitized larvae and introduction of M. iiwdiator

could benefit integrated management programs for M. configurata.

The bertha armyworm, Mmiwstra coiifi-

giirntn Walker, native to North America, has

been the focus of studies to determine the

role of natural control agents for this pest of

canola {Brassica napus L. and B. rapa L.: Bras-

sicaceae) and flax (Linuni usitatissimum L.:

Linaceae), the two most important oilseed

crops grown in western Canada. Important

natural control agents of larval stages of the

bertha armyworm include viral and fungal

diseases and parasitic wasps and flies (Wy-

lie 1977, Wylie and Bucher 1977, Arthur and

Mason 1985, Turnock 1988, Erlandson

1990). The solitary koinobiont ichneumonid

Banchus flavescens Cresson is the single most
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important larval parasitoid, occurring in

more than 90% of bertha armyworm sam-

pled in years when populations are declin-

ing (Turnock and Bilodeau 1984, Arthur

and Mason 1985) yet B. flavescens is unable

to prevent outbreaks from occurring (Ma-

son et al. 1998).

Biologically based pest management

strategies being developed for the bertha ar-

myworm include microbial insecticides (nu-

clear polyhedrosis virus, MacoNPV(Erland-

son 1990)) and introduction of exotic para-

sitoids to complement the mortality caused

by native natural enemies. It is essential to

understand the impact of parasitoids on the

host's feeding activity so that management

strategies can be developed to minimize the

impact on parasitoids.

The solitary koinobiont braconid parasit-

oid Microplitis mediator (Haliday) has been
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Studied as a candidate for introduction to

enhance natural biological control of M. con-

figumta. M. medintor attacks the cabbage

moth, Mamestrn brassicne (L.), in its native

habitat in Europe (Slovak 1985a, 1985b, Jo-

hansen 1997). It is synchronized with its

host in both uni- and bivoltine systems. Ar-

thur and Mason (1986) demonstrated that

M. mediator will attack and successfully par-

asitize 1"' to 3'^' instar bertha armyworm lar-

vae, although 3'^' instars frequently repel or

injure female wasps attempting to oviposit.

The fully developed parasitoid larva egress-

es from the host's 4"' instar, regardless of the

instar parasitized (Mason, unpublished)

while non-parasitized larvae complete 6 in-

stars and then pupate.

Evaluation of the impact of candidate

biological control agents on the target eco-

system is a necessary component of bio-

logical control screening projects. An im-

portant part of this process is to determine

the effect of the agent on the crop being

protected. Although idiobiont parasitoids

normally kill the host immediately (elim-

inating further plant feeding) koinobiont

insect endoparasitoids generally do not

kill immediately and permit feeding by

the host for at least a short period of time

after parasitization (Askew and Shaw
1986, Quicke 1997). Thus, determination of

the effect of koinobiont parasitisn^i on the

host's feeding is an indirect means for de-

termining the impact of parasitoids on the

crop being protected. Depending on par-

asitoid biology, parasitism can reduce

(Rahman 1970, Guillot and Vinson 1973,

Brewer and King 1978, Sajap et al. 1978,

Brewer and King 1980, Parkman and
Shepard 1981, Shaw 1981, Powell 1989,

Kumar and Ballal 1992, Ohnuma and Kai-

noh 1992, Khan 1994, Yang et al. 1994,

Harvey 1996), increase (Rahman 1970,

Hunter and Stoner 1975, Byers et al. 1993)

or have no effect on (Brewer and King

1981) feeding by lepidopteran host spe-

cies. Parasitoids that elicit decreased feed-

ing by the host reduce potential damage
to the crop in addition to removing the

host from the reproductive pool for sub-

sequent generations.

The application of insecticides for con-

trol of bertha armyworm usually takes

place during the pod development stage

of canola, when the larvae are in the 5*

and 6"' instars. The decision to apply in-

secticides is based on evidence of real or

potential (often visibility of larvae) crop

damage. Because insecticides may have a

negative impact on adult and larval par-

asitoids, understanding parasitoid biology

is important to develop sound pest man-

agement strategies. Arthur and Mason
(1985, 1986) showed that B. flavescens and

M. mediator oviposit in 1"' to 3'^'^* instar ber-

tha armyworm which are inconspicuous

and feed on canola leaves before pods de-

velop. Because no control measures are

taken during these life stages of the pest,

adult B. flavescens and M. mediator are not

exposed to insecticides when they are

searching in the foliage of the canola crop.

Further, they are unlikely to be present

when insecticides are applied during the

5"' and 6"' larval instars because the pre-

ferred instars for oviposition are not pres-

ent. In contrast, parasitized host larvae

may still be present when insecticides are

applied. For example, parasitoid species

that prolong development of the host by

increasing or making no difference in the

amount of food consumed by the pest are

more likely to be indirectly exposed to and

negatively impacted by control measures

such as chemical insecticides that kill on

contact and are usually used against ma-

ture larvae. Parasitoid species that reduce

food consumption are less likely to be af-

fected because they tend to shorten the life

of the host and reach a life stage (i.e. form

protective cocoons) in which insecticides

may not kill them. Thus, the impact of

parasitism on the host's feeding may affect

plans for biological control introductions

in integrated pest management (IPM) pro-

grams (Hunter and Stoner 1975). In this

study we assessed the effect of parasitism

by the native ichneumonid B. flavescens
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and the exotic braconid M. medintor on M.

configurata growth and food consumption.

MATERIALSANDMETHODS

Hosts used in the experiments were

from a M. coufiguratn colony maintained

on artificial diet (Bucher and Bracken,

1976). Parasitoids used in the experiments

were derived from populations collected

in Saskatchewan, Canada (B. flavescens)

and central Switzerland (M. mediator). The

B. flavescens females used in the experi-

ments were reared from overwintered co-

coons collected in the spring and main-

tained at 21±1°C and 16:8 L:D. The M.
mediator was maintained in laboratory cul-

ture on M. configurata (Arthur and Mason,

1986). All plants used were canola, Bras-

sica napns L. variety Westar. All experi-

mental individuals were maintained at

21±1°C and 16:8 L:D.

For each of the experimental trials (3 for

B. flavescens and 4 for M. mediator), 30 2nd

instar larvae from the same egg mass were

selected. The larvae were divided into

three groups of 10 and individuals of each

group weighed. Whole canola leaves (ap-

proximately 7x6 cm) clipped at the pet-

iole from growth cabinet grown plants

were used in all food offerings and dry

weight determinations. Larvae of one

group were placed in individual 52mmdi-

ameter X 21mmdeep petri dishes contain-

ing a canola leaf on moistened filter paper

in 45 mmdiameter petri dishes. Larvae of

a second group were individually parasit-

ized (under observation) by 6. flavescens or

M. mediator and placed on canola leaves in

the manner described above. The third

group of larvae were individually

weighed (wet weight) with a Mettler an-

alytical balance (Model AG245), frozen,

dried (48 h @60°C), and then individually

weighed (dry weight). The larvae were

weighed and given fresh leaves at inter-

vals (2-4 day) during each trial. The fresh

weight of each leaf disc was recorded be-

fore introduction into the petri dish. Fresh

and dry weights (48 h @60°C) were re-

corded separately and dry weight ratios

(dry weight ^ initial fresh weight) were
calculated. The frass produced by each

larva was collected at the end of each

feeding period and stored in a plastic petri

dish. The pooled amount for the experi-

mental period was dried (48 h @60°C) and
weighed. Similarly the fresh:dry weight

ratios were determined for all larvae after

parasitoid egression for parasitized indi-

viduals and at pupation for non-parasit-

ized larvae.

Nutritional indices were initially con-

sidered (Waldbauer 1968, Kogan 1986),

but Schmidt and Reese (1986) pointed out

that these indices can be misleading due

to the error introduced during initial mea-

surements of dry matter of the food

source, quantity of food eaten, and the

weight of feces produced. These errors ac-

cumulate and are amplified in the calcu-

lation of the nutritional indices (Rauben-

heimer and Simpson 1992). Van Loon

(1991) describes more precise techniques

including indigestible markers, elemental

budgets, planimetry, and respirometry.

Thus, we calculated only:

Food consumption (F) = [(Mean Dry Weight

of Control Food Portions /Mean Wet
Weight of Control Food Portions) X Ini-

tial Wet Weight of Food Portions] -

Dry Weight of Food Portions after feed-

ing;

Total Food Consumed (TC) = iS"F, where n

is the number of feeding intervals (to

parasitoid egression or host pupation);

Total Dry Weight Produced (DWT) = Dry

Weight at host pupation or parasitoid

egression (host + parasitoid) - Mean

Dry Weight (of control group) at the be-

ginning of the experiment.

The B. flavescens data were analysed us-

ing analysis of variance (Proc GLM, SAS

1992) to determine if parasitism signifi-

cantly affected the variables measured.

The effects of parasitism by M. mediator

were so obvious that statistical analyses



84 Journal of Hymenoptera Research

Table 1. Mean value for development time (days){DT), total dry w^eight (mg)(ot pupa or parasite larva +

larval skin produced )(DWT), total mgdry weight of trass produced (Frass), and total mgdry weight consumed

(TC) for non-parasitized and B. flnvcscois-parasitized M. avifi^iirata.
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ment to the pupal stage of non-parasitized

M. configiirata reared from neonate larvae

at 21±rC takes 21-25 days (unpublished

data). Parasitized larvae ceased to con-

sume food, once M. riiedintor larvae

egressed and formed cocoons (11-14 days

after parasitism), a markedly shorter pe-

riod than the food consumption period for

non-parasitized M. coufigiirnta larvae.

Non-parasitized larvae weighed and

consumed significantly more beginning 4-

8 and 8-11 days, respectively, after trials

were initiated. The trends represented in

Figure 2a and b for trial #1 were typical.

For non-parasitized larvae consumption of

food and larval weights peaked 15-17, 13-

15, 11-13, and 13-15 days after parasitism

in trials 1-4, respectively. Both consump-

tion and weight declined after this peak,

coinciding with the beginning of the pre-

pupal stage. For parasitized larvae, larval

weight did not increase beginning 4-8

days after the trials were initiated. Food
consumption showed only a small in-

crease in trial #2, while actually decreasing

in the other three trials beginning 0-4 days

after trials were initiated. In all trials food

consumption by parasitized larvae ceased

by day 13, 7 days before non-parasitized

larvae ceased feeding.

DISCUSSION

Synchronization of the completion of

larval development of B. flavescens and M.

configuratn is consistent with results by

Slovak (1987) for another Banchini, Exes-

tastes cinctipes Retzius (Hymenoptera: Ich-

neumonidae), parasitizing M. brassicae. He
found that at 20°C development to para-

sitoid cocoon formation took 25.3-26.6

days while non-parasitized larvae took

26.4—26.7 days to form pupae. These de-

velopment times are 5-6 days longer than

those we observed at 21.0 ± 1.0°C for B.

flavescens parasitizing M. cotifigurata. Slo-

vak (1987) also noted that at 20 or 24°C

parasitized host larvae entered the soil

significantly earlier (2.1-3.0 and 3.5-3.9

days, respectively) than non-parasitized

larvae. Although we did not study this be-

haviour, it may also occur in the B. flaves-

cens /M. configiirata parasitoid/host sys-

tem because, as reported by Arthur and
Mason (1985), the parasitoid forms a co-

coon in which it overwinters within the

earthen cell formed by the host larva just

before being killed.

That parasitism by B. flavescens signifi-

cantly reduced the total amount of food

consumed by M. configiirata (20^4%) is

reflected in the fact that parasitized larvae

produced significantly less (39.4-58.2%)

dry protein matter than non-parasitized

larvae. Although not directly comparable,

these results are siniilar to findings for sol-

itary koinobiont Campoplegine species at-

tacking Lepidoptera (Khan 1994, Kumar
and Ballal 1992, Yang et al. 1994, Doucet

and Cusson 1996). Only Doucet and Cus-

son (1996) measured frass production, and

found that non-parasitized larvae pro-

duced 38% more frass than parasitized lar-

vae. In contrast, about 10% more frass was
produced by non-parasitized than parasit-

ized larvae in two of three trials and 10%
less in the third trial in our study. It is not

clear why frass production by parasitized

larvae in one of our three trials was great-

er than for nonparasitized larvae.

Development of M. mediator to egres-

sion took 11-14 days, about 1/3 less time

than for B. flavescens. Egression of mature

M. mediator larvae occurs just after the

host molts to the 4"' larval instar even if

parasitized in the 3"^^^ instar and, as noted

by Shaw and Huddelston (1991) for other

Microplitis spp., the cocoon is formed be-

neath the host which remains alive for

several days without feeding (Mason, un-

published). Behavioral modification of M.

cotifigurata hosts by mature larval M. me-

diator parasitoids has been observed in the

laboratory (Pivnick 1993). Parasitized host

larvae moved to the leaf litter and senes-

cent leaves that become part of the litter

where parasitoid pupation took place.

This was confirmed in the field where co-

coons successfully overwintered (Mason,
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unpublished). In both situations very few

parasitoid cocoons were found on stand-

ing plant parts that are harvested.

Parasitism of M. configiimta by M. we-

dintor clearly had a greater impact on the

amount of food consumed by the host

than parasitism by B. flavescens (Figs, lb

and 2b). The results observed for M. me-

diator are consistent with those observed

for solitary koinobiont Microgastrinae

Braconidae parasitoids attacking Lepidop-

tera in other systems (Rahnian 1970, Sajap

et al. 1978, Parkman and Shepard 1981, Ta-

naka et al. 1984, Powell 1989). In contrast,

Lepidopteran hosts parasitized by at least

some gregarious koinobiont Braconidae

and polyembryonic Encyrtidae species

consume significantly more than non-par-

asitized hosts and take longer to develop

(Rahman 1970, Hunter and Stoner 1975,

Gobbi et al. 1993, Byers et al. 1993).

The decrease in feeding and weights af-

ter a maximum peak is reached (Figs. 1

and 2) is linked to cessation of feeding and

gut evacuation associated with prepupal

development in non-parasitized larvae,

and probably to cessation of feeding by
parasitized larvae which move to the leaf

litter (M. mediator, see Pivnick 1993) or

form earthen cells (B. flavescens, see Arthur

and Mason 1985) where they complete de-

velopment and pupate. The different

times to peak weights and consumption
between trials may be related to differenc-

es in food quality, although the same plant

variety, growing conditions, and leaf type

were used in each trial. Genetic differenc-

es between cohorts of M. coiifigurata and/
or the parasitoid species may also have
caused this variation.

The variability (i.e. large standard er-

rors) observed, particularly on measure-
ments made on day 13 or later (Figs. 1 anci

2), may be associated with unexplained

mortality during the experiments, differ-

ences between sexes, or stochastic effects

because of the relatively small numbers of

experimental individuals (n ranged from
5-9 and 7-9 for non-parasitized and par-

asitized hosts in the B. flavescens trials and
from 10 and 4-9 for non-parasitized and
parasitized hosts in the M. tiiediator trials).

The genetic diversity of individuals (even

though hosts were from the same egg

mass and parasitoids from the same fe-

male) may have also been a factor.

Natural controls, including parasitoids,

have a major impact on bertha armyworm
populations (Mason et al. 1998) and IPM
programs should be developed around

them. Chemical insecticides are used
when 5"" and 6"' instar larvae are present

on ripening canola pods (their feeding ac-

counting for more than 86% of total larval

consuniption). Wylie and Bucher (1977)

reported that B. flavescens, like bertha ar-

myworm, is univoltine. Although M. me-

diator is bivoltine through most of its

range in Eurasia where M. brassicae is also

bivoltine, Johansen (1997) found it in a

univoltine M. brassicae population in Nor-

way (although Pivnick [1993] showed that

M. mediator will diapause, further study is

needed to determine if it would be uni-

voltine on bertha armyworm). Adult B.

flavescens and M. mediator are not likely to

be affected by current chemical control

practices because they attack early (1^' to

3''') instar larvae and would disappear

from the crop before 5"' and 6"' instar lar-

vae are present. Even if M. mediator proves

to be bivoltine in western Canada adults

would probably move out of the canola

crop seeking alternate hosts in adjacent

habitats because no bertha armyworm in

the appropriate stages would be available.

Bertha armyworm larvae parasitized by

B. flavescens feed until they reach the 6"'

instar; thus the parasitoid would be neg-

atively impacted by insecticides because

the susceptible host is present in the crop

being sprayed. Also, the parasitized larvae

continue to feed (causing crop damage)
during pod development and the benefits

of parasitism by 6. flazK'scens are only ev-

ident the following year. In contrast, M.
confignrata larvae parasitized by M. medi-

ator have ceased to feed (and consumed
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<20% of the total consumption of non-
parasitized larvae) by the time non-para-

sitized 4"' instar larvae are present, before

the switch to feeding on canola pods by
later instar larvae. Further, M. mediator

have formed cocoons and would likely be

only minimally affected by insecticides

used on 5"' and 6"' instar M. configurata,

although this needs to be confirmed.

Therefore, M. mediator appears to be a

good candidate agent for use in the IPM
of M. configurata because: 1) damage to the
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host plant by parasitized larvae occurs agents such as chemical or biological in-

when foliage is abundant and ceases be- secticides targeted at 4"' to 6"' instar bertha

fore pod development begins; and 2) it armyworm which are applied after M. nie-

should be compatible with other control diator has eliminated a portion of the pest
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population. Caged field release studies are

needed to verify these hypotheses.

The results obtained in this study sug-

gest that for M. configiirnta parasitism by

B. flavescens results in significantly de-

creased consumption of food (and proba-

bly less damage to canola crops) resulting

in lower biomass production but does not

reduce the length of time that the pest

feeds in the crop and parasitism by the

braconid M. mediator causes a significant

reduction in the amount of food con-

sumed and the length of time the host

feeds compared to non-parasitized M. con-

figurata. Parasitism and the findings pre-

sented here should be taken into consid-

eration when developing integrated pest

management strategies for the bertha ar-

myworm.
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